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CROSS-REFERENCE 

Applicant claims priority from French patent application S.N. 
FR02/10279 filed August 13, 2002. 

BACKGROUND OF THE INVENTION 

One type of connector that mounts on a circuit board, includes two 
longitudinally-extending columns of contacts with the columns being laterally 
spaced apart, each contact having an upper portion that engages contacts of a 
mating device, and each contact having a lower portion with a termination end 
that presses against a circuit board trace. One example of such a connector is 
a connector that is used with smart cards that have two columns of contact 
pads on their lower surface. Another type of connector that has two columns of 
contacts and is mounted on a circuit board, is a track ball device of the type 
described in PCT/EP 02/02778. Many of these connectors are mounted on 
circuit boards of limited area such as a circuit board of a portable telephone. 
Previously, a connector of predetermined length and width occupied an area on 
the circuit board that was a large portion of such length and width. This left a 
smaller area on the circuit board for holding multiple traces and components. 
A connector with at least two longitudinally-extending and laterally-spaced 
columns of contacts having termination ends that engage circuit board traces, 
that occupied a minimum space on the circuit board so more circuit board 
space was available for other traces to route signals or for components, would 
be of value. 

SUMMARY OF THE INVENTION 

In accordance with one embodiment of the present invention, a 
connector is provided for mounting on a circuit board, wherein the connector 
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has two longitudinally-extending and laterally spaced colunrins of contacts, but 
the termination ends of the contacts engage circuit board traces that occupy 
only a narrow strip-like area on the circuit board, thereby leaving more of the 
circuit board for other traces and/or components. Each contact is formed of a 
metal strip having opposite edges and a strip centerline. Each contact has an 
upper portion for engaging a contact of another device such as a smart card, 
and has a lower portion with an elongated deflectable strip section. Each 
elongated deflectable strip section extends at an angle of a plurality of degrees 
from the lateral direction, and has an end that merges with a termination end 
that engages a trace on the circuit board. The deflectable strip sections of 
contacts in first and second columns extend in parallel inclines. This results in 
the termination ends of the contacts being spaced apart along a single 
longitudinal line on the circuit board, so the circuit board traces occupy only a 
small strip-like area. 

The novel features of the invention are set forth with particularity in the 
appended claims. The invention will be best understood from the following 
description when read in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a top view of an electrical connector for connecting to a smart 
card, of the present invention. 

Fig, 2 is a side elevation view of the connector of Fig. 1 , 

Fig. 3 is a bottom view of the connector of Fig, 1 . 

Fig. 4 is an end view of the connector of Fig. 1 , taken from the left side 
of Fig. 2. 

Fig. 5 is an enlarged bottom isometric view of the connector of Fig. 1 . 
Fig. 6 is an isometric view of one of the contacts of the connector of 
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Fig. 1. 

Fig. 7 is sectional view taken on line 7-7 of Fig. 1 , and showing the 
connector lying over a circuit board but not yet pressed down against the circuit 
board. 

Fig. 8 is a view similar to that of Fig. 7, but showing the connector after it 
has been pushed down to its final position. 

Fig, 9 is a schematic representation of a circuit board, showing the layout 
of contact pads for the connector of Figs. 1-8, 

Fig, 1 0 is a sectional view somewhat similar to that of Fig. 8, but for a 
connector of another embodiment of the invention, of reduced height. 

Fig. 11 is an isometric view of a contact of the connector of Fig. 1 0, 
Fig. 12 is an isometric view of a track ball type device with contacts 
arranged in accordance with the present invention. 

Fig. 13 is a side elevation view of the device of Fig. 12. 
Fig. 14 is an end elevation view of the device of Fig. 13. 
Fig. 15 is a top view of the device of Fig. 12. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figs. 1-4 illustrate a miniature connector 10 that is designed to be 
20 mounted on a circuit board 40, in a situation where there is limited space on the 

circuit board for holding other components and/or for holding conductor traces 
to route signals or power. As shown in Fig. 1, the connector includes an 
insulative frame 12 with a top surface 16, longitudinally T spaced sides 20, 21 
and laterally L spaced ends 22. The connector carries two columns of contacts 
25 14, including first and second columns of contacts 62, 64. The contacts in each 

column are spaced apart along corresponding column lines 66, 68. The 
contacts of the two columns are arranged in pairs such as 70, with the two 
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contacts of each pair being spaced apart in a lateral L direction. All contacts 14 
are substantially identical, with the contacts in one column 64 being turned 
180'' about vertical V axes with respect to the orientations of contacts of the 
first column 62. The connector is symmetric about two planes PL and PT that 
intersect at a center C. 

Fig. 6 shows that each contact 14 is formed of a single metal strip having 
a strip centerline 72. The contact has an upper portion 32 with upper and lower 
branches 31, 34 and an approximately 180'' loop 33 connecting their inner 
ends (which are closest to the other column of contacts). The centerline of the 
contact upper portion lies in a first vertical plane PL. The upper branch 31 has 
an upwardly-projecting dished part 30 for actually engaging contact pads on a 
smart card. The middle section 34 of the contact upper portion has an outer 
part 36 that is actually mounted and fixed on the insulative frame of the 
connector. Such fixing can be accomplished by overmolding the frame around 
the outer part 36 or inserting the outer part into a slot in the frame that closely 
receives the outer part. Fig. 5 shows the contacts inserted into cavities 24 in 
the frame. 

The lower contact portion 38 (Fig. 6) includes a deflectable strip section 
42, a vertical section 46, and a termination end 48 that actually engages a trace 
on the circuit board. The deflectable strip section 42 is connected to the 
contact upper portion by an approximately 1 80° loop 44 that connects to the 
outer part 36. The loop is bent around a horizontal axis 92. The centertine of 
the contact lower portion 38 lies in a second plane PB. 

The first and second planes PL and PB in which the centerlines of the 
upper and lower contact parts lie, are angled from each other by a plurality of 
degrees, the particular angle being about 12° in Fig. 6. In a corresponding 
manner, the horizontal axis 92 of at least a lower portion of the loop 44 extends 
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perpendicular to the second plane PB and is angled about 12° fronn a line 
normal to the first plane PL. 

As shown in Fig. 3, the angle a of the deflectable strip sections 42 of the 
contacts from the lateral L direction, results in the termination ends 48 of the 
contacts being spaced apart along a connector centerline A which lies 
substantially between the two columns of contacts. The angle a is chosen so 
that along the distance E between the loop 44 and the termination end 48, the 
termination ends 48 have "moved" longitudinally along the line A by one half the 
longitudinal spacing G (Fig. 1) between the contacts of a column. As a result, 
the termination ends 48 of the contacts all lie approximately along the 
connector centerline A. All six contacts are identical and their deflectable strip 
sections 42 are parallel. However, the contacts in column 62 have their 
deflectable sections extending from the loops 44 toward the centerline A but at 
an acute angle incline of no more than 45'' toward one side 20 of the frame 
while those in column 64 extend at an incline toward the other side 21 of the 
frame. 

Fig. 9 shows a portion of a circuit board 40, and shows conductive traces 
P on the circuit board, all lying along the connector centerline A. The traces P 
lie approximately in a simple longitudinally-extending row, in that all traces have 
portions lying on line A or within 1 millimeter of line A. The outline at 10 of the 
connector frame as seen in a plan view, is rectangular, with a considerable 
longitudinal width and lateral length. The lateral length, shown as 2 mm, of the 
row of circuit board traces P is much less than one half the lateral length of the 
connector frame outline. This leaves considerable space on opposite ends of 
the column of circuit board traces P, where components or only circuit board 
traces can be placed. The connector is designed for mounting on devices of 
small size, so the extra space available as a result of the circuit board traces 
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lying in a narrow space, is important in leaving room for using other portions of 
the circuit board. 

Fig. 7 illustrates the connector 10 prior to the connector being pressed 
firmly down against the circuit board 40. The termination ends 48 have lower 
surfaces 50 that are convexly curved, and the two contacts of a pair have the 
centers of their lower surfaces laterally spaced apart by a distance J. A lower 
face 18 of the connector frame is spaced a distance of h1 from the circuit board 
upper face 40F. Fig. 8 illustrates the connector when the connector frame has 
been moved down slightly, so it is spaced a distance h2 from the circuit board 
upper surface 40F. A downward pressure on the connector, causes the 
deflectable strip sections 42 of the contacts to bend up against the lower 
surface 18 of the frame. In bending up, the vertical sections 46 of the contact 
lower portions move, until the centers of the termination ends 48 all lie 
approximately on the connector centerline A. The connector frame 12 is fixed 
to the circuit board in the position shown in Fig. 8 (e.g. by posts 49). 

The considerable height h2 of the contact deflection sections 42 from the 
circuit board upper surface 40F provides room for circuit components of 
substantial thickness. The connector frame 12 has a small thickness, and in 
many situations the combined thickness of the space h2 and the thickness of 
the frame 12 can be accommodated in the device. 

Fig. 7 shows that the connector frame 12 forms a partition 28 between 
the contacts 14 in the two columns. The partition 28 locates the loops 33 of the 
contacts, with other portions of the frame locating other portions of the 
contacts. The connector frame 12 is shown mounted in a housing 54 of the 
device, which has a lower face 56. 

Fig. 10 illustrates another connector 10B which is similar to that of Figs. 
1-8, except that there is no long vertical section of the type shown at 46 in Fig. 
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6. Instead, the termination end 48 of each contact lies closely under the franne. 
Although the space between the deflectable strip sections 42 and the circuit 
board upper face 40F is small so that thick circuit components cannot be 
placed in that space, the space does allow circuit board traces to be placed on 
the upper face of the circuit board except near the contact traces where 
termination ends 48 of the contacts engage a column of circuit board traces. 
Applicant notes that Fig. 10 shows a slight bend at 45 connecting the 
deflectable strip section 42 to the termination end 48 of each contact, which 
spaces the deflectable strip sections from the circuit board. Fig. 1 1 shows one 
of the contacts 14B that extends only a moderate distance above the circuit 
board. 

Figs. 12-15 illustrate a connector 10C of the type illustrated in Figs. 10- 
1 1 , as part of a track ball device with a ball at the top that can be rotated about 
any axis and with LED's (not shown). 

In the connector shown in phantom lines in Fig. 9 that applicants have 
designed, the length and width were about 12 mm and 8 mm, respectively. 
The pad-engaging upper ends of the contacts lay at the locations 30A, and the 
lateral centerlines of the contact upper portions were longitudinally spaced 
apart by a pitch of 2.54 mm. Each of the contact pads P were spaced apart 
along the line A by half that, or at a pitch of 1 .27 mm. The lateral distance 
between the contact locations 30A of the two columns from the centerline A 
was 3.81 mm. Each circuit board trace P had a lateral dimension of 2 mm and 
a longitudinal dimension of 1 mm. The difference between heights hi and h2 
was about 0.5 mm. 

While terms such as "vertical" have been used to describe the connector 
as it is illustrated, it should be understood that the connector can be used in 
any orientation with respect to the Earth. 
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Thus, the invention provides a miniature connector with at least two 
columns of contacts, for mounting on a circuit board, where the connector has 
contacts with termination ends that engage traces on the circuit board, and an 
imaginary rectangle that surrounds all traces, occupies a minimal of space on 
the circuit board. This is accomplished by providing a lower deflectable strip 
section in each contact that is angled from the upper portion of the contact, and 
that is angled from a lateral direction. Two columns of contacts are arranged 
with pairs of contacts of the two columns being spaced apart along lateral 
directions. The contacts of one column have their deflectable strip sections 
angled towards the centerline and towards one side of the connector. The 
contacts of the other column of contacts have the centerlines of their 
deflectable strip sections angled towards the connector centerline and towards 
the second side of the connector. The deflectable strip sections can lie high 
above the circuit board, and the contacts can be provided with vertical sections 
that extend down to termination ends of the contacts. In another arrangement, 
the deflectable strip sections lie closely over the circuit board. 

Although particular embodiments of the invention have been described 
and illustrated herein, it is recognized that modifications and variations may 
readily occur to those skilled in the art, and consequently, it is intended that the 
claims be interpreted to cover such modifications and equivalents. 
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